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(54) [Title of the Invention] Optical Scanning Apparatus 
(57) [Summary] 

[Problem] The problem is to provide an optical scanning 
apparatus which can reduce the number of the parts of a 
circuit substrate and can reduce the error of the writing- 
out position of a laser beam. 

[Solving Means] An edge 12 as a light beam regulating 
member for regulating a light beam entering a light- 
receiving element 8 is provided integrally with a holder 11 
for holding a semiconductor laser 1. By the edge 12 being 
thus provided, the position at which the light-receiving 
element 8 detects the light beam does not deviate in a main 
scanning direction and therefore, the deviation of the 
writing-out start position becomes null, and a highly 
accurate optical scanning apparatus can be provided. 
[Claims] 

[Claim 1] An optical scanning apparatus characterized by 
the provision of: 

a light source; 

a deflector for deflecting light beams from the light 
source in a conformal speed fashion; 

a scanning optical system for condensing the 
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plurality of deflected light beams toward a surface to be 
scanned, and substantially uniformly scanning the surface 
to be scanned; 

a light-receiving element mounted on the same 
substrate as that for the light source, and receiving the 
light beams from the deflector; and 

a light beam regulating member for regulating the 
light beams entering the light-receiving element. 
[Claim 2] An optical scanning apparatus according to Claim 
1, characterized by the provision of a holder for fixing 
the light source, and in that the light beam regulating 
member is formed integrally with the holder. 
[Claim 3] An optical scanning apparatus according to Claim 
1, characterized by the provision of a housing for fixing 
the deflector and the scanning optical system thereto, and 
in that the light beam regulating member is formed 
integrally with the housing. 

[Claim 4] An optical scanning apparatus according to Claim 
1, characterized in that the light beam regulating member 
is position-adjustably constructed. 

[Claim 5] An optical scanning apparatus according to any 
one of Claims 1 to 4, characterized in that the light beams 
travelling toward the light-receiving element are condensed 
in a main scanning direction near the light beam regulating 
member. 

[Claim 6] An optical scanning apparatus according to any 
one of Claims 1 to 4, characterized in that the light beam 
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regulating member and the deflecting surface of the 
deflector are in substantially conjugate relationship in a 
sub-scanning direction. 

[Claim 7] An optical scanning apparatus according to any 
one of Claims 1 to 6, characterized in that the light beam 
regulating member is of a slit or knife edge shape. 
[Claim 8] An optical scanning apparatus characterized by 
the provision of: 

a plurality of light sources; 

a deflector for deflecting light beams from the 
plurality of light sources in a conformal speed fashion; 

a scanning optical system for condensing the 
plurality of deflected light beams toward a surface to be 
scanned, and substantially uniformly scanning the surface 
to be scanned; and 

a light-receiving element for receiving the light 
beams from the deflector; 

at least two of the plurality of light sources and 
the light-receiving element being mounted on the same 
substrate . 

[Claim 9] An optical scanning apparatus characterized in 
that the light-receiving element is present between the 
plurality of light sources and the scanning optical system, 
and the distance between the light-receiving element and 
the light source nearest to the light-receiving element as 
it is projected in a main scanning direction is longer than ' 
the distance between the light sources located at the 
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opposite main scanning ends as they are projected in the 
main scanning direction. 

[Claim 10] An optical scanning apparatus according to 
Claim 8 or Claim 9, characterized by the provision of a 
light beam regulating member for regulating the light beams 
entering the light-receiving element. 

[Claim 11] An optical scanning apparatus according to 
Claim 10, characterized by the provision of a holder for 
fixing the plurality of light sources thereto, and in that 
the light beam regulating member is formed integrally with 
the holder. 

[Claim 12] An optical scanning apparatus according to 
Claim 10, characterized by the provision of a housing for 
fixing the deflector and the scanning optical system 
thereto, and in that the light beam regulating member is 
formed integrally with the housing. 

[Claim 13] An optical scanning apparatus characterized in 
that the light beam regulating member is position- 
adjustably constructed. 

[Claim 14] An optical scanning apparatus according to any 
one of Claims 10 to 12, characterized in that the plurality 
of light beams travelling toward the light-receiving 
element are condensed in the main scanning direction near 
the light beam regulating member. 

[Claim 15] An optical scanning apparatus according to any 
one of Claims 10 to 12, characterized in that the light 
beam regulating member and the deflecting surface of the 
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deflector are in substantially conjugate relationship in a 
sub-scanning direction. 

[Claim 16] An optical scanning apparatus according to any 
one of Claims 10 to 15, characterized in that the light 
beam regulating member is of a slit or knife edge shape. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to Which the Invention Belongs] 

This invention relates to an optical scanning 
apparatus for use in a laser printer, a digital copying 
machine, a plain paper facsimile apparatus or the like. 
[0002] 

[Prior Art] In an image forming apparatus such as a 
printer or a digital copying machine, the light writing-in 
of image information is effected on a photosensitive member 
by an optical scanning apparatus to thereby form an 
electrostatic latent image, and this electrostatic latent 
image is developed with a toner so as to obtain a toner 
image. The optical scanning apparatus is provided with a 
semiconductor laser, a light deflector (polygon mirror) , a 
scanning lens, etc., and a laser beam modulated in 
conformity with the image information is emitted from the 
semiconductor laser, and this laser beam is reflected by 
the light deflector and is imaged on the surface of a 
photosensitive member by a scanning lens. The light 
deflector is being rotated at a super-high speed, whereby 
the laser beam is scanned in the main scanning direction of 
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the photosensitive member. Also, the optical scanning 
apparatus is provided with a light-receiving element for 
receiving the laser beam emitted from the semiconductor 
laser and reflected by the light deflector, and the light 
writing-in start position of the laser beam is determined 
on the basis of the light receiving timing of the light- 
receiving element . 

[0003] Here, Patent No. 2607645 proposes an optical 
scanning apparatus in which a laser beam output element and 
a light-receiving element are disposed on one and the same 
substrate . 
[0004] 

[Problem to Be Solved by the Invention] Fig. 9 is a view 
for illustrating the inconvenience of an example of the 
prior art. A semiconductor laser 1 and a light-receiving 
element (such as a photodiode) 8 are carried on one and the 
same circuit substrate 10. The reference character 2 
designates a coupling lens for coupling a light beam from 
the semiconductor laser 1, and converting it into a 
parallel light beam or a convergent light beam or a 
divergent light beam. Also, the reference character 7 
denotes a synchronizing lens for focusing on the light- 
receiving element 8. The light-receiving element 8, when 
the laser beam passes the edge portion thereof and the 
amount of received light exceeds a certain threshold level, 
detects it as a signal. At a predetermined time after the 
detection of the signal, the writing-out of the laser beam 
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is started. 

[0005] By the way, to make optical performance such as a 
beam spot diameter good on a surface to be scanned, it is 
necessary to effect the positioning of the semiconductor 
laser 1 highly accurately. Since, however, the mounting 
accuracy of each element on the substrate 10 is not 
satisfactory, as shown in Fig. 9, the position S at which 
the light-receiving element 8 detects the light beam 
deviates by A in a main scanning direction, and the 
writing-out start position deviates in the main scanning 
direction . 

[0006] The present invention has as its object to provide 
an optical scanning apparatus which can reduce the number 
of the parts of a circuit substrate and can reduce the 
error of the writing-out position of a laser beam. 
[0007] 

[Means for Solving the Problem] In order to achieve the 
above object, the invention according to Claim 1 is 
characterized by the provision of a light source, a 
deflector for deflecting light beams from the light source 
in a conformal speed fashion, a scanning optical system for 
condensing the plurality of deflected light beams toward a 
surface to be scanned, and substantially uniformly scanning 
the surface to be scanned, a light-receiving element 
mounted on the same substrate as that for the light source, 
and receiving the light beams from the deflector, and a 
light beam regulating member for regulating the light beams 
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entering the light-receiving element. 

[0008] Also, in order to achieve the above object, the 
invention according to Claim 2 is characterized by the 
provision of a holder for fixing the light source thereto, 
and in that the light beam regulating member is formed 
integrally with the holder. 

[0009] Also, in order to achieve the above object, the 
invention according to Claim 3 is characterized in that in 
Claim 1, provision is made of a housing for fixing the 
deflector and the scanning optical system thereto, and the 
light beam regulating member is formed integrally with the 
housing . 

[0010] Also, in order to achieve the above object, the 
invention according to Claim 4 is characterized in that in 
Claim 1, the light beam regulating member is position- 
adjustably constructed. 

[0011] Also, in order to achieve the above object, the 
invention according to Claim 5 is characterized in that in 
any one of Claims 1 to 4, the light beams travelling toward 
the light-receiving element are condensed in a main 
scanning direction near the light beam regulating member. 
[0012] Also, in order to achieve the above object, the 
invention according to Claim 6 is characterized in that in 
any one of Claims 1 to 4, the light beam regulating member 
and the deflecting surface of the deflector are in 
substantially conjugate relationship in a sub-scanning 
direction . 



- 65 - 



[0013] Also, in order to achieve the above object, the 
invention according to Claim 7 is characterized in that in 
any one of Claims 1 to 6, the light beam regulating member 

is of a slit or knife edge shape. 

[0014] Also, in order to achieve the above object, the 
invention according to Claim 8 is characterized by the 
provision of a plurality of light sources, a deflector for 
deflecting light beams from the plurality of light sources 
in a conformal speed fashion, a scanning optical system for 
condensing the plurality of deflected light beams toward a 
surface to be scanned, and substantially uniformly scanning 
the surface to be scanned, and a light-receiving element 
for receiving the light beams from the deflector, and in 
that at least two of the plurality of light sources and the 
light-receiving element are mounted on one and the same 
substrate . 

[0015] Also, in order to achieve the above object, the 
invention according to Claim 9 is characterized in that in 
Claim 8, the light-receiving element is present between the 
plurality of light sources and the scanning optical system, 
and the distance between the light-receiving element and 
the light source nearest to the light receiving element as 
it is projected in a main scanning direction is longer than 
the distance between the light sources located at opposite 
main scanning ends as they are projected in the main 
scanning direction . 

[0016] Also, in order to achieve the above object, the 
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invention according to Claim 10 is characterized in that in 
Claim 8 or Claim 9, by the provision of a light beam 
regulating member for regulating the light beams entering 
the light-receiving element. 

[0017] Also, in order to achieve the above object, the 
invention according to Claim 11 is characterized in that in 
Claim 10, by the provision of a holder for fixing the 
plurality of light sources thereto, and in that the light 
beam regulating member is formed integrally with the holder. 

[0018] Also, in order to achieve the above object, the 
invention according to Claim 12 is characterized in that in 
Claim 10, provision is made of a housing for fixing the 
deflector and the scanning optical system thereto, and the 
light beam regulating member is formed integrally with the 
housing. 

[0019] Also, in order to achieve the above object, the 
invention according to Claim 13 is characterized in that in 
Claim 10, the light beam regulating member is position- 
adjustably constructed. 

[0020] Also, in order to achieve the above object, the 
invention according to Claim 14 is characterized in that in 
any one of Claims 10 to 12, the plurality of light beams 
travelling toward the light-receiving element are condensed 
in the main scanning direction near the light beam 
regulating member. 

[0021] Also, in order to achieve the above object, the 
invention according to Claim 15 is characterized in that in 
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any one of Claims 10 to 12, the light beam regulating 
member and the deflecting surface of the deflector are in 
substantially conjugate relationship in a sub-scanning 

direction . 

[0022] Also^ in order to achieve the above object, the 
invention according to Claim 16 is characterized in that in 
any one of Claims 10 to 15, the light beam regulating 
member is of a slit or knife edge shape. 
[0023] 

[Embodiments of the Invention] Some embodiments of the 
present invention will hereinafter be described in 
accordance with the accompanying drawings. Fig. 1 shows 
the construction of an optical scanning apparatus showing a 
first embodiment. A semiconductor laser 1 and a light- 
receiving element 8 are carried on one and the same circuit 
substrate 10. There are a coupling lens 2, an aperture 9 
and a cylinder lens 3 between a deflector 4 and the 
semiconductor laser 1. The cylinder lens 3 has power only 
in the sub-scanning direction of a surface to be scanned (a 
photosensitive member surface) 6, and forms a linear image 
long in a main scanning direction near the deflector 4. 
There is a scanning lens system 5 between the deflector 4 
and the surface to be scanned 6. Also, there is a 
synchronizing lens 7 between the deflector 4 and the light- 
receiving element 8. 

[0024] A modulated laser beam emitted from the 
semiconductor laser 1 is scanned in the main scanning 
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direction on the surface to be scanned 6 through the 
scanning lens system 5 by the deflector 4 rotated at a high 
speed in the direction of arrow. Also, the laser beam 
enters the light-receiving element 8, and a laser writing- 
out position is determined on the basis of the signal of 
the light-receiving element 8. 

[0025] In the present embodiment, an edge 12 as a light 
beam regulating member for regulating the light beam 
entering the light receiving element 8 is provided 
integrally with a holder 11 for holding the semiconductor 
laser 1. By the edge 12 being thus provided, the position 
at which the light-receiving element 8 detects the light 
beam does not deviate in the main scanning direction and 
therefore, the deviation of the writing-out start position 
becomes null and a highly accurate optical scanning 
apparatus can be provided. 

[0026] Fig. 2 shows the construction of an optical 
scanning apparatus showing a second embodiment. In this 
embodiment, the edge 12 is provided integrally with a 
housing 13 for containing and fixing each unit of the 
optical scanning apparatus thereto. The function of 
regulating the light beam entering the light-receiving 
element 8 is the same as that in the case of Fig. 1. 

[0027] Fig. 3 shows the construction of an optical 
scanning apparatus showing a third embodiment. In the 
present embodiment, the edge 12 is provided for movement 
adjustment in the main scanning direction. This edge 12 is 
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movement-adjusted in the main scanning direction, and 
thereafter is fixed, to thereby further reduce the error of 
the writing-out start position* 

[0028] Fig. 4 comparatively shows the main scanning beam 
diameter in the edge portion, Fig. 4(a) shows a case where 
the diameter (in the main scanning direction, the left to 
right direction as viewed in the figure) of the main 
scanning beam 14 is small, and Fig. 4(b) shows a case where 
it is large. If as shown in Fig. 4(b), the main scanning 
beam diameter is large, the beam position when the amount 
of light received by the light-receiving element 8 reaches 
a threshold level becomes irregular, but if as shown in Fig. 
4(a), the main scanning beam diameter is small, the 
irregularity of the beam position when the amount of light 
received by the light-receiving element 8 reaches the 
threshold level is small. 

[0029] Fig. 5 shows the deviation of the main scanning 
beam position when the edge portion is inclined in the sub- 
scanning direction. The edge portion 12 has the 
possibility of being inclined with respect to the sub- 
scanning direction by an assembly error or a working error. 
When as shown in Fig. 5, the edge portion 12 is inclined by 
AG in the sub-scanning direction, the position of the main 
scanning beam 14 deviates as indicated by 14a and 14b. 
Thereupon, the writing-out position deviates. However, 
when the edge portion 12 and the deflecting surface of the 
deflector 4 are in substantially conjugate relationship in 
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the sub-scanning direction, the deviation of the beam 
position in the sub-scanning direction becomes small, and 
the deviation of the writing-out start position becomes 
small. To provide substantially conjugate relationship, 
positive power can be given in the sub-scanning direction 
of the synchronizing lens 7, or the beam can be passed 
through the scanning optical system. 
[0030] Fig. 6 shows the construction of an optical 
scanning apparatus showing a fourth embodiment. This 
embodiment is designed such that a plurality of 
semiconductor lasers la, lb and a light-receiving element 8 
are carried on one and the same circuit substrate 10, and 
the number of connectors and wirings for connecting a 
control circuit is reduced, and the necessity of using a 
cable of high cost such as a shield wire as a noise 
countermeasure is eliminated, and the number of the parts 
of the circuit substrate is reduced. Also, an edge portion 
12 is formed integrally with a holder 11. Also, it is 
preferable that the angle 9 formed by and between a light 
beam travelling toward the light-receiving element 8 and a 
light beam travelling toward the writing-in start position 
be as small as possible. For that purpose, the light- 
receiving element 8 should preferably be as distant as 
possible from the semiconductor lasers 1 in the main 
scanning direction, and the distance between the 
semiconductor laser lb on the side near to the light- 
receiving element 8 and the light-receiving element 8 as it 
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is projected in the main scanning direction is longer than 
the distance between the semiconductor laser la and the 
semiconductor laser lb as it is projected in the main 
scanning direction. As a result, there can be provided an 
optical scanning apparatus in which the error of the 
writing-out start position is small. 
[0031] Fig. 7 shows the construction of an optical 
scanning apparatus showing a fifth embodiment. As in the 
fourth embodiment shown in Fig. 6, provision is made of a 
plurality of semiconductor lasers la, lb, and an edge 
portion 12 is formed integrally with a housing 13. 
[0032] Fig. 8 shows the construction of an optical 
scanning apparatus showing a sixth embodiment. As in the 
fourth and fifth embodiments shown in Figs. 6 and 1, 
provision is made of a plurality of semiconductor lasers la, 
lb, and an edge portion 12 is provided for movement 
adjustment in the main scanning direction. Again in the 
optical scanning apparatus of the type shown in Figs. 6 to 
8, consideration is paid to make the main scanning beam 
diameter small to thereby suppress the irregularity of the 
beam position when the amount of light received by the 
light-receiving element 8 reaches the threshold level. 
Also, it is practiced to bring the edge portion 12 and the 
deflecting surface of the deflector 4 into substantially 
conjugate relationship in the sub-scanning direction. 
While in the above-described first to sixth embodiments, 
the edge portion 12 has been described as the light beam 
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regulating number for the light-receiving element 8, it may 
be replaced with a slit or may be one of other shape which 
performs the same function. 

[0033] 

[Effect of the Invention] According to the inventions 
according to Claims 1 to 7, there can be provided an 
optical scanning apparatus in which a light source and a 
light-receiving element are mounted on one and the same 
substrate to thereby reduce the number of the parts of a 
circuit substrate and yet, the error of the writing-out 
start position is small owing to a light beam regulating 
member . 

[0034] According to the inventions according to Claim 2 
and Claim 3, as compared with a case where the light beam 
regulating member is independently provided, the 
simplification of the construction can be contrived. 
[0035] According to the inventions according to Claim 4 to 
Claim 6, the reliability of the writing-out start position 
can be further enhanced. 

[0036] According to the invention according to Claim 8, a 
plurality of light sources and a light-receiving element 
are mounted on one and the same substrate, whereby the 
member of connectors and wirings for connecting a control 
circuit can be reduced, and the necessity of using a cable 
of high cost such as a shield wire as a noise 
countermeasure is eliminated, and the number of the parts 
of a circuit substrate can be reduced, and a decrease in 
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cost can be realized. 

[0037] According to the inventions according to Claim 9 to 
Claim 16, there can be provided an optical scanning 
apparatus in which the error of the writing-out start 
position is small owing to a light beam regulating member, 
[0038] According to the inventions according to Claim 11 
and Claim 12, as compared with a case where a light beam 
regulating member is independently provided, the 
simplification of the construction can be contrived. 
[0039] According to the inventions according to Claim 13 
to Claim 15, the reliability of the writing-out start 
position can be further enhanced. 
[Brief Description of the Drawings] 

Fig. 1 shows the construction of the optical scanning 
apparatus showing the first embodiment of the present 
invention . 

Fig. 2 shows the construction of the optical scanning 
apparatus showing the second embodiment of the present 
invention. 

Fig. 3 shows the construction of the optical scanning 
apparatus showing the third embodiment of the present 
invention. 

Fig. 4 comparatively shows the main scanning beam 
diameter in the edge portion. 

Fig. 5 shows the deviation of the main scanning beam 
position when the edge portion is inclined in the sub- 
scanning direction. 
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Fig. 6 shows the construction of the optical scanning 
apparatus showing the fourth embodiment of the present 
invention. 

Fig. 7 shows the construction of the optical scanning 
apparatus showing the fifth embodiment of the present 
invention. 

Fig. 8 shows the construction of the optical scanning 
apparatus showing the sixth embodiment of the present 
invention . 

Fig. 9 is a view for illustrating the inconvenience 
of an example of the prior art. 
[Description of the Reference Characters] 

1 semiconductor laser 

2 coupling lens 

3 cylinder lens 

4 deflector 

5 scanning lens system 

6 surface to be scanned 

7 synchronizing lens 

8 light-receiving element 

9 aperture 

10 circuit substrate 

11 holder 

12 edge portion 

13 housing 
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